the term "persistent common atrioventricular canal " to "persistent ostium primum."
In addition to the above types of interatrial septal defect there is a third variety, which was described as long ago as 1868 by Wagstaffe, but which has come into prominence only since the introduction of surgical repair of interatrial communications under direct vision. This defect is called " high " by Lewis et al. (1955) , " superior marginal " by Watkins and Gross (1955) , " a defect associated with abnormal development of the pulmonary veins " by Hudson (1955) , " the sinus venosus type " by Ross (1956) , and " the superior-caval defect" by Bedford, Sellors, Somerville, Belcher, and Besterman (1957) . I shall employ both the first of these terms, because it is short and is anatomically descriptive, and the last, because I believe the defect to be associated with an error of development of the sinus venosus, but not of the nature postulated either by Hudson (1955) or by Ross (1956 ).
An excellent anatomical description of this variety of interatrial communication has been given by Lewis et al. (1955) , who found it to be at least as common as the ostium primum type of defect. The defect occurs high in the dorsicephalic part of the interatrial septum, facing the orifice of the superior vena cava, and has, according to Lewis et 28, 1957. namely, (1) it lies above and independent of the fossa ovalis; (2) its margin is incomplete, being absent superiorly and incomplete posteriorly; and (3) it is associated with anomalous drainage of the right superior, and sometimes of the right middle or inferior, pulmonary vein. This type of defect is illustrated in Fig. 1 (after Lewis et al., 1955) and Fig. 2 (after Geddes, 1912) . In the case reported by Ross (1956) , who kindly permitted me to see the heart, the interatrial communication was described as ". . . lying within the orifice of the superior vena cava in its medial wall opposite the mouths of the anomalous pulmonary veins." Ross goes on to say: "On casual inspection of the interior of the left atrium, the defect was not visible unless a search was made within the superior caval orifice." The relationship of the defect to the orifice of the superior vena cava has led some authors, including Geddes (1912) and Ingalls (1907) , to describe the anomaly as an abnormal entry of the superior vena cava rather than as an error in development of the interatrial septum. That the defect under consideration is above and independent of the foramen ovale (by which I mean the normal gap circumscribed by the septum secundum) is well sfiown in Fig. 1 , which illustrates the ordinary variety of persistent ostium secundum, lying within the confines of a well-marked foramen ovale, as well as a high defect above the foramen ovale.
With regard to the surgical repair of abnormal interatrial communications, the sinus venosus type of defect is important for two reasons. The first is that it may be overlooked completely at the time of operation, and the second is that the anomalous pulmonary vein or veins may not be recognized, and after repair may be directed into the right instead of into the left atrium.
It is my purpose to determine-how the sinus venosus type of interatrial septal defect occurs. No satisfactory explanation has yet been given. Lewis et al. (1955) Keith (1948) " . . . the sinus area will be seen to extend into the posterior wall of the left ,ograph to show the heart and great vessels of a case in auricle " (Fig. 3, In order to understand how the defect under consideration arises, it is necessary to be familiar with certain aspects of the development of the sinus venosus, the atria, and the pulmonary vein.
The account which follows is based upon the researches of many embryologists, including His (1886), Born (1888 and 1889 ), Tandler (1912 ), Mail (1912 , Frazer (1916) , Davis (1927) , Walmsley (1929) , Odgers (1938) , Keith (1948) , Patten (1953) , Streeter (1948) , Schnitker (1952) , and Licata (1954) .
The sinus venosus begins as a thin-walled chamber formed by confluence of the great veins entering the caudal end of a simple tubular heart, formed initially by the fusion of paired primordia. After three weeks of intra-uterine life the paired cardiopericardial plates and endocardial heart tubes fuse to form a simple, unpaired, tubular heart, and the paired pericardial portions of the coelom fuse to form a single pericardial cavity, the ventral mesocardium breaking down immediately, but the dorsal mesocardium persisting for a time.
At 34-weeks of age atrioventricular, bulboventricular and sino-atrial sulci appear, in that order, and demarcate the bulbus cordis, primitive R.A. ventricle, primitive atrium, and sinus venosus (Figs. 5, 6 , and 7). At this age the heart has developed its characteristic S-shaped bend. Fusion of the paired heart tubes occurs cephalo-caudally, so that the sinus venosus is the last chamber to be differentiated. When first formed the sinus venosus opens into the dorsicaudal part of the common atrium in the mid-line, but almost at once the sinoatrial orifice is shifted to the right, because the crescentic sino-atrial fold soon becomes deeper on the left side than on the right side. At Streeter, 1948) . I do not propose to discuss the vexed question of whether this vein originally communicates with the atrium or with the sinus venosus. At this and subsequent stages it certainly enters the left atrium.
At 5 weeks of age the sinus venosus still receives the common cardinal, umbilical, and omphalomesenteric veins, but the latter are already being invaded by the growing columns of liver cells. The sino-atrial orifice is well to the right and is guarded by right and left venous valves which unite at the cephalic end of the orifice to form the septum spurium (Fig. lOA) . This runs forwards on the cephalic wall of the atrium. The right horn of the sinus venosus is much larger than the left horn (Fig. 6) (Fig.l1 D) , and carries the left venous valve and the septum primum into the cavity of the atrium on its right and left aspects (Fig. llE) . Reproduced from original of Fig. 422 
SINUS VENOSUS TYPE OF INTERATRIAL SEPTAL DEFECT
At 6 weeks the sinus venosus begins to be incorporated into the right atrium, a process which is completed between the sixth and eighth weeks. The liver has invaded the omphalomesenteric and umbilical veins (Fig. 8C) ; the latter have lost their connexion with the sinus venosus, and the ductus venosus and intrahepatic portion of the inferior vena cava are formed, so that the sinus venosus now receives the two common cardinal veins and the inferior vena cava, formed by the termination of the right omphalomesenteric vein (Fig. 6D) , and has assumed a crescentic shape. The deviation from left to right of placental and omphalomesenteric blood, together with the blood from the lower parts of the body (Fig. 12) , associated with the formation of the ductus venosus and the intrahepatic portion of the inferior vena cava, results -in a marked preponderance of the right horn of the sinus venosus. At this stage (Figs. lOB and 1 ID) the atrioventricular endocardial cushions are fused, the septum primum fuses with these cushions to close the ostium primum, the ostium secundum is present, and the septum secundum begins to appear as a crescentic ridge on the ventricephalic portion of the atrium, facing the opening of the sinus venosus.
In the seventh week of intra-uterine development the preponderance of the right horn of the sinus venosus is further enhanced by the development of the left innominate vein from the small thymicothyroid veins, as this diverts blood from the left anterior cardinal area to the right horn of the sinus venosus (Fig. 12D) . Thereafter the left common cardinal vein and the left horn of the sinus venosus regress, the latter forming the coronary sinus ( Fig.  12E and F) . Absorption of the right horn and transverse portion of the sinus venosus into the right atrium is well advanced, so that the superior vena cava (derived from the right anterior and common cardinal veins), the inferior vena cava, and the coronary sinus now open by separate orifices into the sinus venarum of the right atrium (Figs. 6E, 8D, and 13) . As the sinus venosus is taken into the right atrium the superior vena cava is drawn into the cephalic wall of the atrium while the inferior vena cava is drawn into its caudal wall (Figs. 6E and F, and Fig. 13 ). Originally the two common cardinal veins opened into the lateral extremities of the sinus venosus, i.e., into the right and left horns, while the omphalomesenteric veins opened close together into the caudal margin of its transverse portion (Fig. 7 and Fig. 8A and B) ; in other words the omphalomesenteric veins opened between the two common cardinal veins. The terminal part of the inferior vena cava represents the terminal portion of the right omphalomesenteric vein, reinforced by the ductus venosus, and by an anastomotic vessel connecting it with the right subcardinal vein just above the subcardinal sinus ( Fig. 8C and D) . The inferior vena caval orifice would be expected, therefore, to lie between the orifices of the superior vena cava and the coronary sinus, and somewhat caudal to them. But as the above changes are occurring the heart is migrating caudally so that traction is applied on the two anterior cardinal veins, and through them to the common cardinal veins. As a result the ducts of Cuvier, which are transversely placed at 4 weeks of age, become oblique at 5 weeks, when they run caudally, as well as ventrimedially, to reach the sinus venosus from the body wall (Figs.  6 and 14) . This causes the horns of the sinus venosus to be pulled headwards, and is responsible for the crescentic shape of the sinus venosus referred to above. During the seventh week the left innominate vein develops and the left anterior cardinal vein caudal to it then regresses (Fig. 12D to F). The headward traction on the right common cardinal vein continues, while that on the left side is probably relieved. This is no doubt why, as the sinus venosus is absorbed into the right atrium, the orifice of the superior vena cava comes to be situated at the junction of the dorsal and cephalic walls of the atrium, whereas the orifice of the coronary sinus remains more caudally located, being placed to the left of the orifice of the inferior vena cava, these two orifices maintaining their original relationship (Fig. 13 ). This reorientation of the locations of the openings into the right atrium is important to the production of the type of interatrial septal defect which is the subject of consideration in this paper.
At this stage (7 weeks) the right and left venous valves and septum spurium are well developed, and the septum secundum is larger. The latter has developed cephalodorsal and ventricaudal limbs which embrace a crescentic free border, facing the orifice of the inferior vena cava and forming the margins of the foramen ovale (Fig. 15) . The cephalodorsal limb occupies the whole of the interseptovalvular space, and carries the left venous valve and the septum primum inwards on its right and left aspects (Fig. 1lE) 2.1 m.m.
-2 m.r. At 8 weeks of age the sinus venosus is completely absorbed into the right atrium to form the sinus venarum, which receives the superior and inferior venae cavae and the coronary sinus, as described above. The right venous valve is large and well developed (Fig. 16 ), but the left venous valve and septum spurium are probably already regressing. By the ninth week, as shown by Licata (1954) this process is well advanced, and the left venous valve is fusing with the septum secundum (Figs. 15 and 16) . At this stage the septum secundum is well developed, but the foramen ovale is still large and the interatrial communication of considerable size. According to Patten (1953) , the common pulmonary vein has been absorbed into the left atrium, which now receives right and left pulmonary veins from the two lungs. The orifice of the right pulmonary vein is very close to the septum primum (Fig. 17) 18.-Semischematic drawing of interior of the heart to show start of the interatrial septum secundum and appearance of interatrial foramen secundum in the septum primum. Based on original reconstructions of the heart of a 9 4-mm. pig embryo and on Tandler's reconstructions of the heart of human embryos of the seventh week. Reproduced from original of Fig. 420 (B. M. Patten, 1953, Human Embryology, p. 662, The Blakiston Co., New York).
placenta, the yolk sac, and gut, and the lower part of the body. I believe this to be a crucial age with regard to the production of high defects of the interatrial septum. At 7 weeks incorporation of the sinus venosus into the right atrium is far advanced, the superior and inferior venae cavae have been drawn into the cephalic and caudal ends of the dorsal wall of the right atrium, and their orifices, together with that of the coronary sinus, occupy their final positions. At 8 weeks both absorption of the sinus venosus into the right atrium, and separation of the two atria, are complete, and the common pulmonary vein has been taken into the left atrium.
We are now in a position to determine how the sinus venosus type of interatrial communication comes about. At the sixth week of intra-uterine life the stage is set for this abnormality to occur. If development has been normal the septum primum will have been absorbed in its dorsicephalic portion to form the ostium secundum. To the right of the septum primum and ostium secundum, and separated from the septum primum by the interseptovalvular space (Fig. 10 and Fig. llB and C) , are the septum spurium and the left venous valve, the latter bounding the left margin of the sinoatrial orifice. As already indicated, the septum secundum develops at this age in the ventricephalic part of the atrium, to the right of the septum primum, and its cephalodorsal limb comes to occupy the entire width of the interseptovalvular space (Figs. 18, 13 , and lID and E), so that it carries into the cavity of the atrium the left venous valve on its right aspect and the septum primum on its left aspect. The septum primum is a thin membraneous partition consisting of two layers of endocardium, separated by subendocardial tissue, but the septum secundum is a thick structure, formed by an inflexion of the musculature of the atrial wall (Fig. 1lE) of the ventral and dorsal atrioventricular endocardial cushions. The free margin of the septum secundum delimits the foramen ovale.
As pointed out by Lewis et al. (1955) , the sinus venosus type of interatrial defect lies at the site of origin of the ostium secundum, before it moves ventrally, and is situated above the fossa ovalis.
In my view the fundamental error in development, which leads to the production of this anomaly, is that the sino-atrial orifice is not shifted as far to the right as it normally is. If this shift were deficient the septum primum would develop immediately to the left of the sino-atrial orifice in contact with the left venous valve. This would mean that there could be no interseptovalvular space (Fig. 19) .
Regression of the left venous valve would accompany degeneration of the dorsicephalic portion of the septum primum to form the ostium secundum, and this would leave the latter in line with the left margin of the cephalic portion of the sino-atrial orifice. When the cephalodorsal limb of the septum secundum developed it would find, instead of the atrial wall flooring the interseptovalvular space, the cephalic portion of the sino-atrial orifice. It is obvious that at this site the musculature of the atrial wall could not inflect, so that a gap in the attachment of the cephalodorsal limb of the septum secundum to the atrial wall would occur at the site of the cephalic part of the sino-atrial orifice.
As the septum secundum develops the sinus venosus is taken into the right atrium, and, as described above, the superior vena cava comes to open into the junction of the dorsal and cephalic walls of the atrium, while the inferior vena cava opens into the junction of its dorsal and caudal walls. As this happens the orifice of the superior vena cava comes to lie opposite to the ostium secundum and to that portion of the septum secundum which has failed to gain attachment to the wall of the atrium. A situation would then arise in which an interatrial communication would be present which would face the orifice of the superior vena cava, would be in line with the left (medial) margin of this orifice, and would have no superior margin. The ventral, caudal, and dorsal margins of this communication would be formed by the peripheral margin of that portion of the cephalodorsal limb of the septum secundum which had failed to gain attachment to the atrial wall, because it developed in the line of the sino-atrial orifice. Furthermore the abnormal communication would lie above the foramen ovale, and would be separated from it by the depth of the cephalodorsal limb of the septum secundum. Because the unattached portion of the latter would lie opposite the ostium secundum an interatrial communication would be inevitable (Fig. 1) .
The explanation given above indicates the correctness of the suggestions of Lewis et al. (1955) that the defect occurs at the site of the ostium secundum, and that the components of the atrial septum in this region do not become properly attached. It also explains satisfactorily all the anatomical characteristics of high atrial septal defects described by Lewis et al. , and the description given by Ross (1956) of the defect reported by him as ". . . lying within the orifice of the superior vena cava in its medial wall.
The only fact which remains to be elucidated is that high defects are associated with anomalous drainage of the right superior, and sometimes of
